Ultrastructural changes in Golgi apparatus (GA) during various functional conditions were studied in the rat parotid glands, and their three dimensional configuration was analyzed with the use of computer graphics from serial section electron micrographs.
Introduction
Golgi apparatus is extremely well-developed in secretory cells, and its entire structure changes greatly in accordance with functional phases, this being one of its major features. Morphological changes of Golgi apparatus in response to various functional phases of secretory activity are discussed in this review with special reference to acinar cells of salivary glands including our own results.
Morphology of Golgi apparatus a. General picture of Golgi apparatus
The Golgi apparatus consists of stacks of 5-10 cisternae surrounded by groups of numerous vesi cles and vacuoles. According to a series of studies by Rambourg et all and results of high voltage electron microscopic studies by Noda and Ogawa2, the apparatus is basically one connected structure although its appearance differs consider ably according to the type of cells. The overall form is that of a curve, and in simple epithelial cells including cells of various exocrine glands, it is situated in the supranuclear region with its concav ity directed toward the free surface 3-1. In nerve cells, the apparatus is spread out reticulately and engulfs the nucleus almost completely6. It encir cles the nucleus as a ring in atrial muscle cells7. We have reconstructed a 3-dimensional image of Golgi apparatus in a parotid acinar cell obtained by computer graphics from serial section electron micrographs.
The trans or TPPase positive region of the Golgi appara tus is indicated in red, and cis and medial or TPPase negative region in green.
The Golgi apparatus shows complicated features, however, the appearance as a single mass is evident.
Golgi apparatus of a parotid acinar cell by com puter graphics using electron micrographs of about 100 serial sections (Fig. 1) . The apparatus was confirmed to spread out in the supranuclear region as a single connected form despite of its extremely complicated branching structure. Golgi cisternae are divided grossly into cis, medial and trans regions, and processing enzymes for glycoprotein synthesis are distributed in order in the three regions. Glycoproteins are transport ed through Golgi cisternae by repeated pinching off and fusion of vesicles8. During this process, their maturation is completed by sequential addi tion and trimming of sugar chains9-11. Golgi cisternae can also be divided into 3 regions by the classical enzyme histochemical techniques; trans regions by TPPase, the medial ones by NADPase, and the cis ones by an osmium impregnation method ( Figs. 2A and B) . The osmium reaction is the application to electron microscopy of silver staining technique that was employed by C. Golgi when he had discovered the apparatus. Functional differentiation shown by Golgi cister nae according to the direction of transport of secretory materials is designated as "Golgi polar ity", and the positioning of polar Golgi apparatus in a certain area within a cell is considered to be closely related to polarity expressed by the cell (cell polarity).
Attention is being increasingly directed to the presence and functions of a special membranous system, the trans Golgi network (TGN)12 or trans tubular network (TTN) 13, 14 This network may be the exact site at which materials transported beyond Golgi apparatus are sorted 15. Whether TGN is actually a part of the trans region or independent organelle functionally closer to secre tory granules than trans cisternae remains a contro versial matter. There is evidence that it may partly overlap Novikoff's GERL and CURL of Geuze et al. 16, but confirmation will require fur ther study. An obscure region in which smooth endoplasmic reticulum accumulated was occasion ally detected near the Golgi apparatus under an electron microscope. This region may quite likely be the site of various functions so far not identified.
b. Development of Golgi apparatus Rat parotid gland undergoes rapid differentiation immediately after birth, giving rise to an acino-tubular structure within 1 week and acinar cells take on the form characteristic of exocrine cells17-21. Morphological changes of Golgi apparatus can be followed during the course of development (Fig. 3A-D) . The apparatus first appears as a group of small vesicle, which show positive reaction to osmium impregnation but are devoid of TPPase activity, in the most undifferentiated cells of immediately after birth. On the 2nd day, a few straight cisternae are present in the vesicular aggregation.
On about the 3rd day, they have gradually become curved through increase in the number of layers, and TPPase activity comes to be expressed for the first time , thus establishing the trans region. At the same time, osmium positive components become situated c. Brefeldin A (BFA) BFA is a macroride antibiotic with unique activity to inhibit the transport of secretory mate rials from RER to the Golgi apparatus. This action may possibly cause the complete disappear ance of the Golgi apparatus47 and the redistribu tion of enzymes present not only in cis and medial cisternae41, 49 but trans cisternae as well50-52 over ER. This effect can be detected in the presence of an inhibitor of protein synthesis, since the preexist ing Golgi membrane may be returned to ER. The tubular structure in the cis region becomes a route for the above redistribution, and this retrograde movement is mediated by microtubules52. Recent ly, detachment of the above stated 110-KD protein from Golgi membrane has been shown to be the first action exerted by BFA53. The 110-KD pro tein may be a coat protein (beta coat protein) differing from clathrin, and present in non-clathrin coated vesicles that assist transport between ER and Golgi or within Golgi cisternae54. Thus, BFA action is becoming an important key to disclose the mechanism of transport between ER and Golgi apparatus55.
Following the administration of BFA to par otid acinar cells56, stacked cisternae of Golgi appa ratus were noted to disappear and RER to be greatly dilated, thus filling the cytoplasm (Fig.  6A) . However, clusters of small vesicles about 70 nm in diameter could be seen among RER and many of which showed osmium reaction although no TPPase activity could be detected (Figs. 6B and C) . A 3-dimensional reconstruction of this aggre gation of vesicles by computer graphics from serial section electron micrographs indicated the respec tive groups not to be independently separated but connected together as a single mass. It would thus follow that the Golgi apparatus does not disappear completely by BFA but remains as a group of rudimentary form of vesicles or vacuoles containing cis and quite likely medial components. Orci et aL57 noted Golgi cisternae to change into tubular groups following the addition of BFA in vitro to a fraction of Golgi. These were quite similar to those in our study. Though the reason why Golgi apparatus was noted in previous studies to disappear completely by BFA is not clear, the redistribution of Golgi enzymes over RER should Brefeldin A, a drug that blocks secretion, prevents the assembly of non-clathrin coated buds on Golgi cisternae.
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